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(54) ynJIOTHHTEJTbHblfl Y3EJI RAKEPA 
(57) H3o6peTeHHe othochtch k HetfrTe- 
ra30Ao6wBaiomeft npoM-TH h no3BOJineT 
noBbicHTb Hsme*HoCTb pa6oTbi ynJIOTHM- 
TenbHoro y3Jia naKepa 3a cueT HckniOMe - 

HHH BblflaBJIHBaHHH lUiaCTHMHOrO yiUIOT- 

HHTejibHoro KOJibua (YK) npeflBapHTejib- 
HbiM ero orpaHHqeHHeM ynpyrHMH YK. 
Y3ejt BKJiiouaeT naxeT /K 1,2,3. H3 hhx 
cpe^Hee 3 ruiacTHMHoe, a icpaftHHe 1,2 
ynpyrne. Ctboji 4 y3jra HMeeT nepeMeH- 
Hoe cetieHHe c orpaHHWHTenbHbiM BbiCTy- 
noM .10 h KOHycHbw nepexoAOM ot MeHb- 
mero flHaMerpa k 6o;ibnieMy, BbmojiHeHHbM 

H3 flByX KOHyCHbDC yqaCTKOB (KY) 8, 9 
C npOMexyTO*lHOfl UHJIHHflpHtieCKOfl cry- 

neHb» 7 Meamy hhmh. Ee fljiHHa He MeHb- 
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me BbicoTbi naxeTa YK 1-3. Yrjiw MexAY 
ocbio h o6pa3yrameR KY 8, 9 onpenenflioT 
H3 cneuHaribHoro BbipameHHH. Ha nep- 
bom 3Tane naKepoB kh YK 1,2,3 nponw- 

BaiOTCH HHXHHM KY 8, paCTHTHBaflCb B 

AHaMeTpe h npHHHMan pa3Mepbi cTyneHH 
7. IlpH stom YK 3 He nocTHraeT 3kc- 



nnyaTanHOHHOH kojiohhh, a YK 1 h 2 
AOCTwraioT, npenoxpaHHH YK 3 or nanb- 
Heniuero BbiAaB/iHBaHHfl . Ha btopom 3Ta- 
ne nanepoBKH YK 1,2,3 oxasbmawTCH b 
CTecHeiiHoM coctohhhh . MaTepHan YK 
3 3aTeKaer b HMewmnecn HepoBHocTH • 
1 s.n. jibi, 5 hji. 



1 

H3o6peTonne othochtch k netfnreraso- 
noGwBaiomert npoMbminenHocTH, a hmchho 
k ycTpoficTBaM ahh pa3o6qeHHH CTBona 
CKBa/KHHbi c noMombK) naxepa, ycTanaB- 
JiHnaeMoro b oCcaaceHHofi cxBaacuHe npH 
nposefle hhh pasjiHMHbrx TexHonorn^ec- 
khx onepainift, h MO)fceT SbiTb ncnonbso- 
BaHo TaK)fce npn pa3o6meHHH 3aTpy6Horo 
npocTpancTBa. 

Hejib H3o6peTeHHH - noBbimeHHe Ha- 
Aokhocth paSoTbi ynxioTHHTejibHoro ysjia 
naxepa 3a cweT HCKJimeHHA BbmaBJiHBa- 

HHH nJiaCTHMHOrO ynJIOTHHTeJTbHorO KOJlb- 

Ha (j)Hr, 1 npeACTannen ynnoTHH- 
TejibHbivi y3ejr naKepa, ncxoAHoe nono- 
KeHHe j na <})Hr e 2 - to nee, npH- npo- 
ZDHBaHHH naxeTa ynnoTHHTejibHbix xoneu, 
HIIJKHHM KOHyCHbIM ynacTKOM; na $Hr,3 - 
to tko, npn npouiHBaHHH naxeTa ynnoHH- 
TejibJibix xonen npoMe)KyTOMHbiM LpinHHAPH- 
qecKHM yvacTKOM; Ha 4>Hr. A - to we, 
npn npouinB aHHH naxeTa ynnoHHTenbHbix 
KOJieu BepxHHM KOHycHbiM yvacTKOM; Ha 
(Jmr. 5 - ynnoHHTejibHbiH y3en naxepa 
nocjie nponefleHnn naxepoBKH ckbsukhhu. 

YnJioHHTejf birbin ysen naxepa ($Hr.O 
BKJiKiqaeT naxeT ynnoTHHTejibHbix xoneu, 
H3 KOTopbix KpaHHne 1 h 2 H3 ynpyro- 
ro MaTepHana, a cpeAHee 3 H3 nnac- 
TH^Horo MaTepna-na, ycTaHOBJieHHbix Ha 
ctboji 4 nepeMeHHoro ceqeHHH c hhjkhhm 
5, BepxHHM 6 h npoMe?KyTo^HbiM 7 uh- 

JlHHAPHHeCKHMH yMaCTKSMH , HH5KHHM 8 H 

BepxHHM 9 KOHycHbiMH yvacTKaMH h or- 
paHHUHTeJibHbiM BbicTynoM 10, h onopHyio 
BTyjixy 1 1 • FlpH 3tom anHHa npoMercy- 
tomhoto uHJiHHnpHMecKoro y^acTxa 7 
cocTaBnaeT ne MeHbrae BbicoTbi naxeTa 
ynjioHHTenbHbix xoneu. KpaftHHe ynpyrne 
ynnoTHHTenbHbte xonbua 1 h 2 MoryT 
6biTb Bbmojinenbi, Hanpnwep, H3 (J)Topo- 



2 

nnacTa 4, a cpeAHee nnacTHHHoe ynnoT- 
HHTenbHoe xonbuo 3 - H3 CBHHua* IlpH 
stom BenHWHHa AHaMeTpa npoMeTKyTo^Ho- 
• ro uHJiHHApHMecxoro y^acTxa 7 CTBona 

5 4 onpeijejiHeTCH H3 ycnoBHH CBo£5oAHoro 
pacruHpeHHH ynnoTHHTenbHbix xoneu 1 , 
2 h 3 ao CTeHox cxBajKHHb! (oGcaAHoft 
xoJTOHHbi) h coxpaHeHHH hx o6beMOB npn 
nepexoAe hx c hhjkhc ro uHJiHHApHHecxo- 

'0 ro ynacTxa Ha npoMe*yTOMHbiH uhjihhaph- 
MecxHH yuacTox 7. wepea hhwhhh KOHyc- 
HbiH y^acTox 8. 

Bbi6op yrjia d Me^Ay ocbio h o6pa3yw- 
mew HH«Hero xoHyca 8 oSycJiosneH TeM, 
hto ycHJiHe npH nporaHBaHHH hm BepxHe- 
ro ynnoTHHTeiibHoro xojibua, 3aBnc«qee 

OT 3T0T0 yma H KOS^HUHeHTa TpeHHH 

MaTepnana yruioTHHTenbHoro xonbua no 
CTajiH xoHycHoro nepexoAa b ycnoBH«x 
naxepoBXH, He aojiwho cosAaBaTb Taxo- 
ro AanneHHH Ha cpeAHee ynnoTHHTeJib- 
Hoe xonbuo, noA AeftcTBHeM xoToporo 
oho pa3AaBnHBanocb 6bi paHbme, veM 

2 j npoH30HAeT noJiHoe orpaHHqeHHe 3Toro 
Konbua xpaftHHMH ynnoTHHTenbHbMH 
xojibuaMH, 3to AonycxaeMoe yennne on- 
peAejineTCH nnacTHMHbiMH cBOHCTBaMH 
cpeAHero ynnoTHHTeJibHoro xonbua (npe- 
AenoM nonsyMecTH ero MaTepnaJia) h 
npoHHocTHbiMH CBoftcTBaMM BepxHero yn- 
noTHHTenbHoro xonbua (npeAenoM npo^- 
hocth npw pacTHJKe hhh) , a Tax*e pa3Me- 
paMH yrtnoTHHTenbHbix xoneu. npH stom 
yron Me^KAY ocbto h o6pa3ywmeft KOHyc- 

35 Hbix yMacTxoB xoHycHoro nepexoAa ctbo- 
jia nepeMeHHoro ce^eHHH onpeAennroT 
H3 BbipaxeHHH „ 

cos<y(sino^+fcos(<) = ~-(D, +d } ) ™, 

40 

YnnoTHHTenbHbiH ysen naxepa (tJ)Hr,1) 
pa6oTaeT cneAywn^HM o6pa30M. 



riaicep, b codaB Koroporo bxo/iht 
ynjioTHHTejibHWM y3e/i, crrycKaeTCH b 
CKBajKHHy Ha Ko/ioHHe HacocHo-KOMnpec- 
copHbix Tpy6 h Ha aaflaHHofi rjiy6HHe j 
onHpaeTCH onopHoft btyjikoh 1 1 wepes 
xboctobhk naxepa Ha aa6oH CKBd^HHbi 
hjth nuiHncbi, hjih Ha BbicTyn b o6can- 

HOH KOJIOHHC HaKepOBKa npOH3BOAHTCH 
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pnqecKOH qacTbW 6 CTBOjia 4 w BHy*r- 
peHHeft noBepxHOCTbfo oSca^HOH kojiohhw # 
3thm AocTHraeTCH HanpnxeHHoe coctoh- 
HHe BepxHero 1 h HHWHero 2 ynnoTHH- 
TejibHbix KOJieu h pasBHBaeTCH ycHJTHe, 
ziocTaTotiHoe pa3flaBJiHBaHHjr cpe,a- 
Hero riJiacTH^Horo ynnoTHHTeJibHoro 
KOJibixa 3. BcneflCTBHe stoto MarepHaxi 



onycxaHHeM kojiohhm T P y(5. n P H 3 tom na- 10 cpeAHero yn/ioTHHTenbHoro Konbua 3 aa- 
xeT ynnoTHHTeiibHbix Koneq 1,2 h 3 rexaeT bo Bee HMewmHecH b MGCTe na- 

ormpaeTCH Ha HenoABHttHyw onopHyw BTyn- xepoBKH HepoBHocTH, Men AOCTHraeTCfl 



Ky 11, a ctboji nepeMeHHoro ceweHHH 4 
hx npooiHBaeT (<Jwr. 2). 

Ha nepBOM 3Tane naxepoBKH (4)Hr.2) 
ynjioTHHTeJibHbie KOJibua 1 , 2 h 3 no- 
cnenbBaTejibHo npornHBawTCH hhjkhhm ko- 
HycoM 8, pacTHTHBaHCb b AHaMeTpe, 
H saHHMaioT noJio3KeHHe Ha uhjihhaphm e c~* 



noBbnneHHe HajjexHocTH padoTbi naKepHoro 
o6opypoBaHHH b H3MeHHiomHXCH TeMnepa- 
15 TypHbix ycJioBHHX, HanpHMep b napoHa- 
THeTaTeJibHbtx CKBa*HHax, nyTeM HcnoJib- 
soBaHHH 6onee TepMOCToftKHX MaTepnanoB 

C pa3HHMHblMH rUiaCTHMeCKHMH H npOMHO- 

CTHbiMH CBOHCTBaMH npH yMeHbmeHHH oce- 



koh cTyneHH 7, annna kotopoh hpeBwraa- 2 o BbK Harpyaox turn Ae*opMauHH ynnoTHH- 
eT oGmyw BbicoTy naxeTa yhjioHHTejibHbix 
Koneu (4>Hr. 3). ripH stom BHyTpeHHHe 
AHaMeTpw ynjioTHHTejibHbix xojieu. 1,2 

H 3 npHHHMaiOT pa3Mep UKJIHHAPHHeCKOH 

CTytteHH 7 f Hapy^KHbie AHaMeTpbi yruioTHH- 25 

TeJlbHbK KOJteU 1 H 2 flOCTHraWT BHyT- 



TejibHoro yajia naxepa. 
<I> o p m y ji a H3o6peTeHHH 



peHHero AHaMeTpa sxcnjiyaTauHOHHow 
KOJioHHbi. B to me BpeMH BcneACTBHe 
CojibdeH nnacTH^HocTH cpeAHero ynnoT- 
HHTejibHoro KOJibua 3 ero pa3Mepw H3- 
MeHHWTCH TaKHM o6pa30M, *rro ero Ha- 
py^HbfH flHaMeTp eme He AOCTHraer BHyT- 
peHHero AHaMeTpa sKcrury aTauHOHHOH 
KOJioHHbi , TorAa icaic BepxHee ynJioTHH- 
TenbHoe xojibuo 1 , h, rnaBHoe, HHXHee 
yruioTHHTejibHoe xojibuo 2 AOCTHraroT 
BHyTpeHHew noBepxHocTH SKCixnyaTauM- 
OHHofl KOJioHHbi h yruioTHHfOT ee, Ta- 
khm o6pa30M, cpeflHee ynJTOTHHTejibHoe 

KOJIbUO 3 0Ka3bIBaeTCH B 33MKHyT0M 

npocTpaHCTBe, orpaHHMeHHOM CBepxy 

BepXHHM yiUlOTHHTeJIbHblM KOJlbUOM 1, 

a CHH3y - HH3KHHM yiUIOTHHTejTbHblM KOJTb*" 

UOM 2, KOTopwe nepexoAHT b ynnoTHH- 
Te/ibHoe cocTOHHHe c BHyTpeHHeft no- 

BepXHOCTbK) 3KCnJiyaTaUHOHHOH KOJIOHHbl 

h npeaoxpaHHFOT MaTepHan cpe^Hero yn- 

JlOTHHTeJTbHoro KOJTbUa 3 OT BblflaBJlHBa- 

hhh npH naJibHeHmeM npomHBaHHH ctbo- 
jiom 4 naKeia ynjTOTHHTeJibHbix KOJieu Ha 
cjieayronjeM kohychom ynacTKe. 

Ha cneflyiomeM 3Tane naxepoBKH 
((JjHr, 4) ynnoTHHTenbHwe KOJibua 1 f 2 h 
3 nponrHBawTCH BepxHHM KOHycoM 9 h aa- 
HHMa»T CBoe KpafiHee nono»ceHHe Ha 
BepxHeM UHJiHHupHqecKOM yuacTxe 6 
CTBona 4 (<}jHr. 5). npH stom ynnoTHH- 
TejibHbie Konbua 1,2 h 3 ok a 3mb aioTCH 

B CTeCHeHHOM COCTOHHHH Me»fly UHHHHA- 



1, ynnoTHHTeJibHbw y3eJi naxepa, 
bkjtiom axunHH naxeT ynnoTHHTejihHbix ko- 
neu, H3 KOTopbix cpeflHee nnacTHMHoe, 
a xpaHHHe ynpyrne, onopHyw BTynxy h 
ctboji nepeMeHHoro ceMe hhh c orpaHMVH- 
30 TejibHbiM BbiCTynoM h kohychum nepexo- 
BOM ot Menbinero AHaMeTpa k 6onbmeMy, 

O T Jl H U a 10 m H ft C J! TeM, ^TO, C 

uenbH) noBbnneHHH Hafle^HocTH pa6oTbi yn- 
noTHHTeJibHoro y3Jia naxepa aa c^eT 

3 5 HCKJiroqeHHH BbmaB jihb a hhh nxiacTHMHoro 
yn/ioTHHTejibHoro xojibua npeflBapHTejib- 
HbiM ero orpaHHweHHeM ynpyrHMH ynjioT- 
HHTen bHbiMH KoJibuaMH 9 KOHycHbift nepexoA 
CTBOJia nepeMeHHoro ceveHHH Bbmo/iHeH 

40 hs AByx KOHycHbix ywacTKOB c npoMescy- 

TO^HOft UHJTHHAPHWeCKOft CTyneHbio MeJK" 
Ay HHMH, AJlHHa kotopoh He MeHbme Bbl- 
coTbi naxeTa ynnoTHHTe/ibHbix xoneu, 
2. Y3en naKepa no n. 1 f o t ji h - 
45 i a b n h ft c h TeM, wto yrnu Meamy 
ocbro h o6pa3ywmeH KOHycHbix ynacTKOB 
KOHycHoro nepexoAa CTBona nepeMeHHoro 
ceneHHH onpeAe/iHrof H3 Bbipa^eHHfl 

50 cosortsinof+fcosoO = -~ (D, +d i ) 



rAe f - K03(Jx})HijHeHT TpeHHH MaTepHa- 
Jia Bepxnero yn/iOTHHTenbHoro 
55 xojibua no CTanH HH3KHero ko- 

HycHoro yvacTxa b ycAOBHHx 
naxepoBKH; 
b - BbicoTa BepxHero ynnoTHHTejib 
Horo KOJibua, mm; 
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D^,d h - COOTBeTCTBeHHO Hapy*Hbm H 

BHyTp6HHHft flHaMeTpW ynJTOTHH- 

TenbHbK KOJieu ao naMana na- 
KepOBKH, MM; 5 

6^ - npeAeJi noji3yv£cTH MaTefenana 
cpeflHero ymioTHHTenbHoro 



KoJTMia b ycjioBHHX naxepoB- 
kh, ria j 

6, - npenen npowHocTH npH pacTH- 
meHitH MaTepHaJia sepxnero 
ynnoTHHTejihHoro Konbua b 
ycJioBM^x naKepoBKH, fla. 
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